A cDNA encoding the human Id4 protein has been isolated from an astrocytoma library. The predicted protein product shares 98% identity with the mouse Id4 protein and is markedly different from that already reported. By FISH analysis, the human ID4 gene was more precisely mapped to chromosome 6p22.3-p23. Northern blot analysis showed that ID4 is mainly expressed in thyroid, brain and fetal tissue and in some nervous system tumor cell lines.
The helix-loop-helix (HLH) proteins are transcriptional regulators which have been shown to play a major role in cell growth, differentiation and oncogenesis.
1^4
These proteins are involved in the development of several lineages, including (3 cells of the pancreas, 5 B lymphocytes 6 and cells from muscle and nervous system tissues. 7 ' 8 They are subdivided into two groups depending on their ability to bind DNA. 9 The basic helix-loophelix proteins (bHLH) bind as dimers to a specific DNA enhancer element known as the E-box (CANNTG) and induce gene expression in their target tissue. Members of the HLH protein family which contain no DNA-binding basic domain inactivate the transcriptional activity of bHLH proteins through the formation of inactive heterodimer complexes with bHLH partners. This property has led to their designation as inhibitors of DNA binding or Id-HLH proteins. Four genes of this group have been cloned thus far in mouse and human: Idl, Id2, Id3 and Id4. 2 ' 10 " 17 Of Id genes, the role of Idl has been the most extensively studied and to a lesser extent Id2. It has been reported that both proteins induce cell proliferation. Idl antagonizes the action of the E proteins, and Id2 acts through binding to pRB (retinoblastoma) and related proteins plO7 and plSO.
1^4 ' 18 Id genes are also involved in the regulation of cell differentiation. Several studies have shown that over-expression of Idl inhibits the differentiation of many lineages. 10 to be associated with malignancies, we were interested in cloning new ID family members expressed in the developing nervous system in order to evaluate the role of this class of genes in nervous system tumors. Here we report the isolation, the pattern of expression in normal tissues and tumor cell lines, and the chromosomal localization of the human ID4 gene.
Computer analysis of the protein products of the ID gene family revealed that the sequence corresponding to the HLH domain is highly conserved through evolution. To isolate novel ID family members preferentially expressed in the nervous system, we designed polymerase chain reaction (PCR) primers complementary to this conserved domain. The reverse primer comprised a degenerated sequence complementary to the helix II region (5' ATRTARIATIACRTG), where I is for inosine and R is for A or G. The forward primer was complementary to a three-amino-acid motif (LVP), at the helix I-loop junction (5' ACTGGTGCCC). Fetal brain RNAs were amplified by reverse transcriptase (RT)-PCR and the PCR products were cloned and sequenced. Several clones showed 100% identity at the amino acid level with the HLH domain of the mouse Id4 gene product. To isolate the full length human ID4 cDNA, one of these latter clones was used as a probe to screen the astrocytoma U251 AgtlO library. Screening of 10 6 individual clones resulted in the isolation of a 1147-bp cDNA which was found to include an open reading frame (ORF) of 161 amino acids (Fig. 1) . The assigned ATG start codon was found to agree with the Kozak consensus for translation initiation. 22 Nucleotide sequence analysis showed that the human ID4 gene was 92.3% identical to the murine 310 cDNA Cloning of the Human ID4 Gene [Vol. 5,
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gacatttcataccatgtatatatagagatgttctataagtgtgagaaagtatatgctttaatagatactgtaattataag 1120 atatttttaattaaatatttttttgta 1147 Id4 gene across the coding region and 82.4% across the 3' untranslated region. The highly GC-rich sequence of the ID4 cDNA contained a CpG-island covering the 5' end and most of the ORF, which could be involved in the transcriptional regulation of the gene. 23 During the course of this work, two other human ID4 cDNA sequences were deposited in Genbank. The first one, (accession number: U28368), covering nucleotide 1 to 1030, is 100% identical to our sequence. The other, 17 encompassing nucleotide 1 to 756, shows substential differences. Sequence alignment of the predicted human and mouse Id4 proteins is shown in Fig. 2 . While the predicted protein products of the human (our data and accession number: U28368) and mouse Id4 c-DNAs share 98% identity and are absolutely identical in the N-terminal and in the highly conserved HLH domains, the previously reported human ID4 protein by Pagliuca et al., shares 91% identity with that of the mouse, and most of the amino acid divergences (7 out of 9) lie in important functional domains: the N-terminal and the HLH domains. As suggested and then shown by Nagata et al., 24 Id proteins are phosphoproteins and phosphorylation is assumed to regulate their function. The longest part of sequence divergence lies in the N-terminus of the protein, between amino acid positions 9 and 15, disrupting two phosphorylation sites for cAMP-dependent kinase and protein kinase C, which are as well conserved in the other Id proteins, Idl, Id2 and Id3 from rat, mouse, and human. In the HLH domain, two other amino acid changes lie at positions 77 and 79. The HLH domain which is the dimerization domain, is highly conserved, in sequence and length, in all classes of HLH proteins (b-HLH, b-HLH-ZIP and Id proteins). At amino acid position 77 the charged amino acid (E, D or R) which is present in all the mammalian Id proteins as well as in the Drosophila Id-related protein emc, is replaced by a nonpolar amino acid: W. Moreover, the valine residue at position 79, at the junction helixl-loop, is missing. This valine along with the leucine at position 78 and the proline at position 80 are absolutely conserved through evolution, in all Id proteins from Drosophila, Xenopus, rodents and humans. Mutational analysis of the HLH domain has shown that the conserved hydrophobic and the charged hydrophilic residus are important for the function of the protein. 9 Consequently, we believe that our clone as well as the one deposited in GenBank under accession number U28368 are the human homologue of the mouse Id4 gene. Figure 3 shows ID4 expression in human tissue and central nervous system tumor cell lines. As for the mouse, three transcripts of 1.6 kb, 2.6 kb and 4 kb were present in all tissues and cell lines examined. However, an additional 1.1-kb message was expressed in the adult pancreas. The latter transcript could arise from an alternative splicing, as has been described for the Idl and cDNA Cloning of the Human ID4 Gene [Vol. 5, Id2 genes. 14 In adult tissues the highest expression was found mainly in thyroid and to a lesser extent in brain and testis (Figs. 3A, 3B, and 3D) . In human fetal tissues ID4 is highly expressed in brain, lung and kidney and is silent in the liver (Fig. 3C) . This pattern of expression in human fetal tissues is markedly different from that described in fetal mouse tissues. It is noteworth that ID4 is not expressed in mouse fetal lung and kidney, 25 whereas, high levels of ID4 transcripts are present in those two human tissues (Fig. 3C) . Our analysis of ID4 expression in nervous system tumor cell lines showed that ID4 expression was found in one astrocytoma cell line SNB19 and in one out of three medulloblastoma cell lines, DAOY (Fig. 3E) . Medulloblastomas are thought to arise from poorly differentiated neuroectodermal precursor cells. It has been recently suggested that ID2 and ID4 gene expression was found in tumor cell lines derived from tumors arising from cells of the astrocytic lineage. 26 The DAOY cell line expresses substantial levels of ID4 as well as ID2 transcripts (Fig. 3E and data not shown) . This cell line could correspond to a precursor commited to a glial lineage.
To test the hypothesis of active downregulation of ID4 in the D341 and D283 medulloblastoma cell lines, we studied the methylation status of three methylationsensitive sites in the ID4 CpG-island, since CpG-island methylation is a common inactivating feature of gene expression. 23 However, none of the methylation sensitive sites were found to be methylated, indicating that this mechanism does not contribute to the low level of ID4 expression in these cell lines (data not shown).
We determined the chromosomal assignment of ID4 on chromosome 6 by amplification of genomic DNA of a human/rodent cell hybrid panel (panel #2, Coriell, Camden, NJ; data not shown). Furthermore, using the full-length cDNA as a probe, we precisely mapped this gene, by FISH analysis, to chromosome 6p22.3-p23 (Fig. 4) . 27 Interestingly, this part of the genome has been described to be rearranged during progression of adult astrocytomas. 28 ' 29 Previous chromosomal localization of ID4 by Pagliuca et al. to 6p21.3-p22, included two chromosome bands. 17 We have now mapped ID4 more precisely in the distal part of 6p22, at the junction with 6p23.
Comparison of the ID4 sequence with those deposited in GenBank identified an EST mapped in a YAC contig (WI 7424), that showed that ID4 is located on the genetic map in a 1-cM interval between markers D6S17OO (distal border) and D6S422 (proximal border). 30 ' 31 HLH proteins constitute a complex regulatory network, in which the precise balance of these inhibitory and activating proteins determines different cellular fates. A dysregulation of any of these transcriptional reguators, leading to a relative imbalance of these factors, could participate in tumor development. Further studies will be required to test the contribution of the ID family mem- bers in tumors.
